D
iabetes is often complicated by the development of neuropathy, with up to a third of the direct costs of diabetes attributed to neuropathyrelated morbidity (1) . The incidence of diabetic neuropathy increases with duration of diabetes, affecting up to 50% of diabetic patients after 25 years of disease (2) . To date, the development of neuroprotective and disease-modifying approaches for diabetic neuropathy has been disappointing. Therapeutic approaches with aldose reductase inhibitors and nerve growth factors have so far proved unsuccessful (3) . Despite the promise of positive outcomes in research animal models, clinical trials of neuroprotective therapies have failed to yield significant benefit. In part, this lack of success reflects the absence of sensitive and robust methods for early detection of neuropathy (4). It is perhaps not surprising that initiation of therapy when axonal degeneration is advancedwell after the horse has left the gate-has resulted in trials that have been negative to date.
When considering the design of large-scale clinical trials for diabetic neuropathy in the future, development of biomarkers that facilitate both early detection and monitoring of disease progression remains the Holy Grail. Results from standard clinical electrodiagnostic techniques such as nerve conduction studies and quantitative sensory testing are determined based on detection of axonal loss. By definition, this approach renders these conventional measurements of limited use in detecting early changes and thereby the prevention of neuropathic injury. As a consequence, diabetic neuropathy often becomes apparent only after irreversible nerve injury has occurred, leading in turn to foot infections, ulceration, and in severe cases, amputation (5) .
Even in today's modern era and despite the availability of advanced technologies, the mechanisms underlying diabetic neuropathy remain poorly defined. Nerve biopsies in diabetic neuropathy have demonstrated microangiopathy with multifocal fiber loss, most prominent distally and similar in nature to the abnormalities observed in experimental ischemic neuropathy (6) . Diabetic nerves also exhibit an increased pathological vulnerability to ischemia (7) . As part of an overarching ischemic hypothesis, considerable attention has focused on the role of metabolic derangements in diabetic neuropathy, mediated by decreased activity of the energy-dependent Na + /K + pump present on the axonal membrane (7, 8) .
Although ischemia per se may lead to alterations in nerve activity, the abnormalities in Na + /K + pump function in diabetic neuropathy have also been linked to metabolic changes occurring as a result of hyperglycemia and C-peptide deficiency (9) . Reduced function of the Na + /K + pump may also reflect the effects of activation of the polyol pathway, insulinopenia, and perturbations in insulin signal transduction (10) . These changes in Na + /K + pump function lead to intra-axonal Na + accumulation and a reduction in transmembrane Na + conductances (11, 12) . Regardless of the cause, impairments of Na + /K + pump function would be expected to produce an alteration in membrane potential, specifically membrane depolarization, due to retention of intra-axonal Na + (13, 14) . The importance of these changes is underscored by the fact that chronic alteration in ion channel function is capable of initiating a cascade of processes that ultimately result in axonal death (15) . Given the intrinsic connection between membrane ion channel dysfunction and axonal loss, the development of clinical biomarkers that could identify the presence of early changes in ion channel function would clearly facilitate early detection of neuropathy thereby enabling treatment to be initiated well before irreversible nerve injury has set in.
With this in mind, the study by Sung et al. (16) in this month's issue of Diabetes presents novel axonal excitability findings from a sample of 108 type 2 diabetic patients with results compared with age-matched healthy control subjects (16) . These potentially landmark studies have not only demonstrated prominent changes in axonal membrane function that are detectable even in diabetic patients without neuropathy, but they also show that changes become progressively greater with development of neuropathy and increasing neuropathy severity. Using an array of specialized nerve excitability parameters that reflect both nodal and internodal function, the abnormalities (specifically, reductions in threshold electrotonus, superexcitability, and subexcitability) were indicative of progressive depolarization of the axonal membrane. Perhaps more critically, changes in excitability that were evident among diabetic patients without neuropathy were capable of differentiating these patients from healthy control subjects, suggesting that these abnormalities have the potential to be further developed and validated as a clinical biomarker of neuropathy onset.
Although these results are intriguing, information regarding the relevance of these changes in relation to development of neuropathy will require longitudinal studies of larger population groups. However, these early studies hold the promise that identification of diabetic patients "at risk" of developing neuropathy is feasible in an objective clinical fashion. As a consequence, it may yet prove possible to initiate therapy in diabetic patients well before See accompanying original article, p. 1592.
they manifest the symptoms and disability that inevitably reflect development of clinical neuropathy. Perhaps most importantly, the studies of by Sung et al. (16) suggest that pharmacological manipulation of axonal membrane channels may yet provide further new therapeutic approaches for treating patients with diabetic neuropathy.
ACKNOWLEDGMENTS
No potential conflicts of interest relevant to this article were reported.
